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SUPPLEMENTARY DISCUSSION 

Elevation of acylcarnitines in context of type 2 diabetes and poor glycemic control may indicate altered 

fatty utilization under these circumstances - as formation of acylcarnitines is required for fatty acid 

transportation into mitochondria for β-oxidation. In patients with type 2 diabetes, we found acylcarnitines 

to be related to increased glucose and HbA1c. Acylcarnitines are formed to transport fatty acids into 

mitochondria for β-oxidation. High serum concentrations may therefore indicate impaired fatty acid 

oxidation. Interestingly, circulating acylcarnitine levels have been shown to reflect the acylcarnitine 

profile of the heart, but not that of other tissues [1]. Our observations are consistent with other studies 

linking acylcarnitine concentrations with risk for type 2 diabetes [2, 3]. Direct causality is suggested by 

glucose intolerance and β-cell dysfunction of mice challenged with acylcarnitines [4, 5]. Serum levels of 

acylcarnitines have further been identified as biomarkers for coronary artery disease [6] and were 

predictive for cardiovascular events in patients with established cardiovascular disease (CVD) [7]. 

 

A notable finding in our study was the elevation in 3-hydroxy fatty acids in patients with type 2 diabetes 

and poor glycemic control. As 3-hydroxy fatty acids are recognized as catabolites of incomplete fatty 

acid oxidation this might be indicative for lipotoxicity and cellular stress in a poorly controlled metabolic 

environment [8]. Lipidomics have linked increased levels of 3-hydroxy acylcarnitines to mitochondrial 

dysfunction in diabetic rat myocardium, mediated through the enhancement of calcium-independent 

phospholipase A2 activity [9]. Accumulation of 3-hydroxylated fatty acids also occurs in genetic 

impairment of mitochondrial fatty acid oxidation (mitochondrial trifunctional protein and long-chain 3-

hydroxyacyl-CoA dehydrogenase deficiency) leading to mitochondrial uncoupling, impaired cardiac 

energy homeostasis and cardiomyopathy [10]. Thus, 3-hydroxy fatty acids may not only be a indicator 

of defective metabolism in diabetes, but also propagate diabetic cardiomyopathy.  

 

Metabolites of BCAA differed between non-diabetic and diabetic individuals in our study, but we found 

no evidence that BCAA are related to glycemic control in patients with established type 2 diabetes. A 

possible explanation could be that BCAA facilitate the development of diabetes, but do not relate to 

glycemic markers in advanced stages of the disease. Newgard et. al described a BCAA-related 

metabolic signature predicting insulin resistance in individuals without diabetes [11]. This finding is 
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consistent with other studies, which identified increased levels of BCAA as risk factor for insulin 

resistance [12, 13].  

Interestingly, gut microbiota with enriched biosynthetic potential for BCAA synthesis have been linked 

to increased BCAA serum levels in individuals with insulin resistance [14]. There is emerging evidence 

that the gut microbiome plays a pivotal role in the development of cardiometabolic diseases, such as 

insulin resistance, type 2 diabetes and CVD. In part, the interactions between gut bacteria and host are 

mediated by gut-derived metabolites [15]. Consistently increased microbial metabolites in our Db/Db 

mouse models suggests modulation of the gut flora in diabetes, which agrees with previous reports [16]. 

Differences in gut-derived metabolites have however not been apparent in our human cohorts. This 

might be indicative for insufficient power of our study for these analysis or relate to diet and species 

differences.   

 

BCAA and their metabolites have also positively been associated to CVD [17, 18]. BCAA metabolism 

might therefore contribute to the understanding of increased cardiovascular risk in patients with type 2 

diabetes. Insulin resistance impairs BCAA metabolism in the heart [19], while defective BCAA 

catabolism has been show to promote heart failure [20]. In a previous study, we found that the SGLT2 

inhibitor empagliflozin increases turn-over of BCAA in patients with type 2 diabetes [21]. Empagliflozin 

might therefor elicit cardioprotective properties via restoration of BCAA metabolism. Still we did not find 

a similar metabolic signature in empagliflozin treated diabetic Db/Db mice [22], Santos-Gallego et al. 

however observed empagliflozin to increase BCAA metabolism in a non-diabetic swine model of MI 

which was associated with improved outcome and reduced left ventricular remodeling [23]. These 

difference in response to SGLT2 inhibitors might relate to different experimental conditions and species. 
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